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Description 

[0001] The present invention relates to the continuous 
pickling in a non-oxidizing acid bath of hot-rolled strips 
of magnetic and stainless ferritic steels. 
[0002] As it is known, often annealed and non-an- 
nealed magnetic steels and some annealed stainless 
steels have surface oxides, as scale and/or internal ox- 
idation, highly adherent and with low reaction rates in- 
side the conventional non-oxidizing pickling baths. Ox- 
ides possibly remaining on the surface after the pickling 
can cause serious inconveniences in the downstream 
treatments, and can interfere with the magnetic charac- 
teristics and the surface finishes of the two types of steel 
considered 

[0003] At present, the state of the art substantially 
provides three possible interventions for obtaining pick- 
led surfaces that are completely clean of oxides. The 
first intervention comprises the use of non-oxidizing 
pickling baths with very lengthy immersion times. The 
second possible intervention comprises the addition of 
hydrofluoric acid to the pickling bath. Lastly, the third 
type of intervention comprises the use of oxidizing baths 
with the entailed cost-effectiveness and environmental 
impact drawbacks. However, none of thoso extremely 
aggressive methods can preserve the non-oxidized ma- 
trix of the underlying steel. Moreover, the adoption of the 
first type of intervention (anyhow including lengthy treat- 
ment times that entail negative repercussions on pro- 
ductivity) is hindered by the occurrence of inconvenienc- 
es due to operational problems, whereas the adoption 
of the second and of the third type of intervention are 
hindered by cost-effectiveness and environmental pro- 
tection reasons. 

[0004] Therefore, notwithstanding research efforts, in 
the specific field object still remains for a pickling proc- 
ess that is simple, fast, cost-effective and of a negligible 
environmental impact. 

[0005] The present invention permits to satisfy this 
object, further showing other advantages that will be ap- 
parent hereinafter. 

[0006] Following the above, the present invention is 
related to a process for the continuous pickling, in a non- 
oxidizing acid bath, of hot-rolled steel strips, character- 
ised in that the strip to be pickled is subject to the pickling 
action of the bath additioned with a pickling catalyst, un- 
der turbulent conditions. 

[0007] In the most general case thereof, the pickling 
catalyst is at least one organic compound including at ' 
least one thiolic group. Satisfactory results were ob- 
tained with an organic compound comprising at least 
one thiolic group selected from a list comprising thiogly- 
colic acid, its ammonium chloride, and combinations 
thereof. 

[0008] The concentration of the organic compound 
comprising a thiolic group inside the pickling bath is 
comprised in the range 0.005-0.01 moles/litre. 
[0009] A further object of the present invention is a 
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device apt to carry out the aforedescribed process. 
[0010] This device is characterised in that it compris- 
es the following components in combination: 

5 - a closed storage tank containing the catalyst-addi- 
tioned pickling bath; 

at least one cell, located above the free surface of 
the pickling bath, inside which the strip to be pickled, 
possibly guided by supporting rolls, travels horizon- 

10 tally; 

immersed nozzles, provided above and below the 
strip, located and shaped so as to feed under pres- 
sure the pickling bath to the cell, to create a direc- 
tional flow of the pickling bath itself that generates 

is the required turbulent conditions; 

means for drawing the pickling bath from the tank 
and delivering it to the nozzles; and 
means for recirculating the pickling bath from the 
cell to the tank. 

20 

[0011] The means for drawing the pickling bath from 
the tank and delivering it to the nozzles can be a pump- 
ing circuit. 

[0012] The means for recirculating the pickling bath 
25 from the cell to the tank can be a slit-shaped overflow 
inside the cell from which the bath cascades into the 
tank. 

[0013] The cell body can be monolithic and integral 
with the storage tank, or it can be made of two over- 

30 lapped portions, the lower thereof being integral with the 
tank, whereas the upper thereof is integral with the cover 
of the tank, thus being movable. 
[0014] The most important technical effect yielded by 
the invention is that of accelerating the mass transfer at 

3S the interface with the surface to be pickled, and in per- 
forming a mechanic action to ease the detachment of 
oxide residues therefrom. 

[0015] The present invention can be applied to the 
conventional pickling baths inclusive of non-oxidizing 

40 acids, thereby increasing the pickling capacity thereof. 
[0016] The invention can also be applied with reason- 
able costs to the extant immersion pickling lines in order 
to improve/accelerate the performances thereof. 
[0017] The accelerating effect is most evident for ori- 

45 ented and nonoriented, hot-rolled, annealed or non an- 
nealed magnetic steels, and the annealed ferritic stain- 
less steels (AISI 400). 

[001 8] The deriving combined effect permits to obtain 
for the magnetic steels, the quantity of dissolved mate- 

50 rial being equal, clean surfaces with 30 to 60% short- 
ened immersion times, even in presence of internally ox- 
idized zones that usually are not easily pickled. Alterna- 
tively, the final performance being equatr'tFielempera- 
ture and/or the acidity of the pickling bath can be de- 

55 creased. The yielded surfaces are clean of oxides, and 
smoother than the ones yielded by the non-additioned 
pickling systems. 

[0019] Likewise results are obtained with the ferritic 
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stainless steels (series 400) for which the pickling rate 
can be doubled. 

[0020] So far. only a general description of the present 
invention has been provided. A more detailed descrip- 
tion of some specific embodiments thereof will herein- 
after be provided with reference to the figures and ex- 
amples, aimed at making better understood the objects, 
characteristics, advantages and operational modes 
thereof. 

[0021] Figure 1 is a schematic side view of an embod- 
iment of the turbulence tank according to the present 
invention. 

[0022] Figure 2 is a schematic front view of the em- 
bodiment of the turbulence tank according to the inven- 
tion depicted in figure 1. 

[0023] Figure 3 shows the weight loss values function 
of the pickling ttme. and the linear interpolation for a non- 
oriented magnetic steel (Si= 3%. Ai= 0.5%), pickled in 
a pickling solution including hydrochloric acid at 80°C, 
with and without the application of the present invention. 
[0024] Figure 4 shows the weight toss values function 
of the pickling time, and the linear interpolation for an 
AISI 430 stainless steel, pickled in a pickling solution 
including sulphuric acid at 80°C, with and without the 
application of the prcsont invention. 

Example 1 

[0025] A 2-mm thick nonoriented magnetic steel (Si= 
3.0%, Al= 0.5%) in a hot-rolled annealed state was im- 
mersed for increasing times in a pickling solution includ- 
ing 140 g/l HCI, 90 g/l FeCI2, at 80°C, under static con- 
ditions. Then the test was repeated using a turbulence 
cell according to the present invention, in presence of 
0.006 moles/I accelerating additive. 
[0026] With reference to figures 1 and 2, the closed 
storage tank containing the catalyst-additioned pickling 
bath is indicated with 1 , the three cells in a sequence, 
having the top portion thereof integral to the movable 
cover 7 of the tank are indicated with 2, positioned above 
the free surface of the bath, inside which the strip to be 
pickled, guided by supporting roils 4, travels horizontal- 
ly. The reference number 5 indicates submersed noz- 
zles, located above and below the strip, positioned and 
shaped so as to feed under pressure the pickling bath 
to the cell, thereby creating a directional flow of the pick- 
ling solution itself that generates the required turbulent 
conditions. 

[0027] The reference number 6 indicates the pumping 
circuit that draws the solution from the storage tank and 
delivers it to the nozzle batteries. 
[0028] The pickling solution exits by the overflow from 
~each eell-thFoughthe slit7and cascades into the tank 1. 
[0029] The concentration of the accelerating additive 
(thioglycolic acid) in the pickling solution is 0.005 moles/ 
I. 

[0030] The results reported in figure 3 show that, 
weight losses being equal, the application of the present 



invention permits a 30 to 60% reduction in the immer- 
sion time, or that, immersion times being equal, an ap- 
proximate 30% increase of the weight loss is obtained. 



[0031] An AISI 430 stainless steel, hot-rolled and an- 
nealed, was immersed for increasing times in a pickling 
solution including 200 g/l H2S04, 80 g/l FeS04, at 
10 80°C, under static conditions. Then the test was repeat- 
ed using the turbulence device according to the present 
invention adopted in example 1, in presence of 0.005 
moles/l accelerating additive. 

[0032] The results reported in figure 4 show that, 
is weight losses being equal, the application of the present 
invention permits a 65% reduction in the immersion 
time, or that, immersion times being equal, a 165 to 
220% increase in weight loss is obtained. 



1. A process for the continuous pickling, in a non-oxi- 
dizing acid bath, of hot-rolled steel strips, charac- 
25 terised in that the strip to be pickled is subject to the 
action of the pickling bath, additioned with a pickling 
catalyst, under turbulent conditions. 

'Z. The process ioi uiw continuous pickling, in s r;or»- 
30 oxidizing acid bath, hot-rolled steel strips according 
to claim 1, wherein the pickling catalyst is at least 
one organic compound comprising at least one 
thiolic group. 

35 3. The process for the continuous pickling of hot-rolled 
steel strips in a non-oxidizing acid bath according 
to claim 2, wherein the organic compound compris- 
ing at least one thiolic group is selected from a list 
comprising thioglycolic acid, its ammonium chloride 

40 and combinations thereof. 

4. The process for the continuous pickling of hot-rolled 
steel strips in a non-oxidizing acid bath according 
to any one of the preceding claims, wherein the cat- 

45 alyst concentration inside the pickling bath is com- 
prised in the range 0.005-0.01 moles/litre. 

5. A device apt to carry out the process according to 
claims 1 to 4, characterised in that it comprises the 

so following components in combination: 

a closed storage tank (1) containing the cata- 

lyst-additioned pickling bath; 

at least one cell (2), positioned above the sur- 
55 face of the pickling bath, inside which the strip 

to be pickled, possibly guided by supporting 
rolls (3), travels horizontally, 
immersed nozzles (4), located above and be- 
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low the strip, positioned and shaped so as to 
feed under pressure the pickling bath to the cell 
(2), in order to create a directional flow of the 
pickling bath itself that generates the required 
turbulent conditions; 

means (5) for drawing the pickling bath from the 
tank (1 ) and delivering it to the nozzles (4); and 
means (6) for recirculating the pickling bath 
from the cell (2) to the tank (1 ). 

The device according to claim 5, wherein the means 
(5) for drawing the pickling bath from the tank (1) 
and delivering it to the nozzle (4) is a pumping cir- 
cuit 
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7. The device according to any one of the claims 5 and 

6, wherein the means (6) for recirculating the pick- 
ling bath from the cell (2) to the tank (1) is a slit- 
shaped overflow, inside the cell, wherefrom the 
pickling bath cascades into the tank (1 ). 20 

8. The device according to any one of the preceding 
claims, wherein the body of the cell is monolithic 
and integral with the storage tank (1 ). 

25 

9. The device according to any one of the claims 5 to 

7, wherein the body of the cell is made of two over- 
lapped portions, the lowerthereof is integral with the 
tank (1), whereas the upper thereof is integral with 
the cover (7) of the tank, and therefore is movable. 30 
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